Summary. Ovulation rate, in mixed-age groups of prolific and non-prolific ewe breed types, after administration of a range of doses of PMSG (0, 375, 750 and 1500 i.u 
Introduction
The physiological basis for variation in ovulation rate in sheep has been the subject of numerous studies during the past decade. Typically, in these studies, the endocrine profile for a prolific breed (Land et al, 1973; Bindon et al, 1979 Bindon et al, , 1984 Quirke et al, 1979; Cahill et al, 1981) . However, comparisons of the D'Man and Booroola Merino with appropriate low fecundity breeds, (Lahlou-Kassi et al, 1984; Bindon et al, 1985) indicate a positive association between ovulation rate and the concentration of FSH in the peripheral plasma in the preovulatory period.
The ovarian response to exogenous gonadotrophin can also provide a useful indirect measure of the endocrine differences between genetic groups. Lines of high fecundity Merino and Romney ewes have been found to be more sensitive to pregnant mares' serum gonadotrophin (PMSG) than are low fecundity controls (Bindon et al, 1971; Smith, 1976) . This is also true for the Booroola Merino but does not appear to be so for Finnish Landrace ewes, the ovulation rate of which has been changed as a result of genetic selection (Hanrahan & Quirke, 1982 A blood sample, for progesterone determination, was collected from all ewes in Ireland and New Zealand by jugular venepuncture 8-12 days after onset of the oestrus following PMSG (mainly on Day 10). After preparation all plasma samples were frozen and stored at -20°C until they were transported from their country of origin to the University of California, Davis, for assay. Progesterone concentrations were determined using an enzymeimmunoassay which has been described in detail elsewhere (Munro & Stabenfeldt, 1984) . The inter-and intra-assay coef¬ ficients of variation for pools of high, medium and low progesterone concentrations were 4-9, 6-2, 10-5 and 8-7, 10-9, 14-5, respectively. The sensitivity of the assay was 5 pg/ml using 40 µ plasma. The data from each country were analysed separately using least squares procedures and models which included breed type, age and dose of PMSG as main effects and the two factor interactions. Preliminary examination of ovulation rate following PMSG showed that variation within breed dose subclasses increased with the mean. Plots of the within-subclass standard deviation against mean ovulation rate showed that logarithmic transformation removed this association. For this trait therefore the data were analysed after logarithmic transformation. To explore the generality of the differences between prolific and non-prolific breeds in their response to PMSG an analysis involving data from all locations was conducted. For the purpose of this analysis the Booroola Romney ++ group was eliminated. The model fitted included location, dose of PMSG, 'breed prolificacy' level (high and low), ewe age and all two-factor interactions. The importance of the 3-factor interaction location breed-prolificacylevel dose was also examined. For this analysis the variables examined were ovulation rate after PMSG and the ratio of this trait to ovulation rate after sponge removal.
Results
The mean ovulation rate after sponge removal is given in Table 2 for each breed and age group along with mean breed liveweights. Breed differences in ovulation rate were significant at all locations (P < 0001) and differences in ovulation rate amongst age classes were significant for all breed groups in Ireland and New Zealand ( < 005). For the two Moroccan breeds, however, ovulation rate increased substantially with age in the D'Man but failed to do so in the Timhadite, resulting in a significant interaction (P < 0-05). The less prolific breed was heavier than the prolific breed in Ireland and Morocco (P < 0001). For the New Zealand breeds the mean liveweight of the carrier and non-carrier Booroola Romney ewes was similar and both were significantly lighter than the purebred Romney (P < 005). Ewe liveweight increased significantly with age at all three locations (P < 005).
The distributions and co-efficients of variation (CVs) for natural ovulation rate are presented in Table 3 . Excluding the Timhadite, in which there was little variation, the non-prolific breeds had CVs ranging from 0-35 to 0-37. The prolific breeds all had higher standard deviations, but varied with respect to co-efficients of variation. The Booroola Romney F + ewes had a CV similar to that of the non-prolific breeds while the Finnish Landrace ewes were less variable (0-27) and the D'Man ewes more variable (0-50).
The least-squares means for ovulation rate after administration of the various dosages of PMSG are given in Table 4 as the antilog of the estimates. The analysis of variance showed that breed and dose of PMSG effects on ovulation rate were highly significant (P < 0001) at all locations but ewe age tended to be unimportant although 1-5-year-old ewes had the lowest ovula¬ tion rate for all breeds. The linear and quadratic components of the dose effect were significant at 9-39 ± 1-9 *Approximate s.e. calculated within each subclass using untransformed data. all locations. The only evidence for a cubic component was in Morocco (P < 001). The only significant two factor interaction was for age dose in the Irish data set (P < 0-05). Both the natural and induced ovulation rates were essentially unrelated to ewe bodyweight in all locations. The pooled within-breed correlation coefficients between natural ovulation rate and liveweight were 008, 014 and 011 in Ireland, Morocco and New Zealand respectively. The corres¬ ponding coefficients for the induced ovulation rates were -0T4, -0-02 and -007, respectively. The pooled correlation between natural and induced ovulation rate (log scale) was 015 (P < 001).
The combined analysis of ovulation rate (log scale) after PMSG administration revealed signifi¬ cant interactions for location by dose of PMSG (P < 0001) and location by 'breed prolificacy' (P < 0001). The overall effects of ewe age, 'breed prolificacy' and dose of PMSG were highly significant and there was no evidence for any location 'breed prolificacy' dose interaction. When the response to PMSG was expressed as the ratio of ovulation rate following PMSG to ovulation rate after sponge removal the interactions location dose of PMSG and location 'breed prolificacy' remained significant as did the effect of PMSG dose. However, the overall 'breed prolificacy' effect was no longer significant which, as can be seen from the means in Table 5 , results from the low prolificacy breed having the greatest relative response in Morocco (P < 001) with the reverse pattern being observed in Ireland (P < 002) while breed had no effect on the ratio in the New Zealand data (P > 0-5). The response (measured as a ratio) was significantly higher in Morocco when compared with the other locations.
The effects of ewe breed and PMSG dose on fertility and litter size (per ewe lambing) in Ireland and New Zealand are shown in Tables 6 and 7 . The effects of ewe breed and PMSG dose were (Bindon et al, 1971; Bradford et al, 1971; Trounson & Moore, 1972; showing greater gonadotrophic responsive¬ ness in animals with higher natural ovulation rates. The higher response observed in Booroola Romney F+ ewes than in non-carrier ewes confirms previous reports that the Booroola F-gene enhances responsiveness to PMSG Kelly et al, 1983 (Bindon et al, 1971; Smith, 1976) .
Merino ewes selected against prolificacy ('O' line; Bindon et al, 1971 ) responded similarly to the Galways and Romneys in this study. The non-carrier Booroola Merino Romney cross ewes in this study were more responsive than contemporary Romneys, suggesting that the background genotype of the Booroola Merino strain may be contributing some responsiveness independent of the effects of the major (F) gene Kelly et al, 1983 ).
An interesting aspect of the overall analysis was the absence of a difference between prolific and non-prolific breed types when the response to PMSG was expressed relative to natural ovulation rate. However, there was a significant interaction between prolificacy and location attributable largely to the high relative response shown by the low prolificacy breed in Morocco contrasted with the lower response of this breed type in Ireland. The removal of the association between 'breed prolificacy' and response to PMSG by this simple transformation needs to be considered in the interpretation of the generally observed differences between prolific and non-prolific ewe breeds in ovarian responsiveness to exogenous gonadotrophins. The present results suggest that response to PMSG is a multiplicative function of natural ovulation rate. This interpretation is supported by the observation that significant ewe age effects on ovulation rate following PMSG (P < 001 in overall analysis) were completely removed (P < 0-9) when the response to PMSG was expressed as a multiple of natural ovulation rate.
The reduction in fertility at the highest level of PMSG was not surprising in view of the high mean ovulation rates achieved and the fact that embryo survival declines steadily as the number of eggs shed increases (Hanrahan, 1982) , plus the likely associated effects of ovarian overstimulation on the hormonal milieu in the periovulatory period (Evans & Robinson, 1980) . A positive associ¬ ation between litter size and dose of PMSG was evident in the low prolificacy breeds (Galway, Rommey and Booroola Romney ++ ) which is consistent with the results reported by Allison (1975) for Romney ewes. The absence of such an association in the high prolificacy breeds (Finnish Landrace and Booroola Romney) is probably attributable to the high ovulation rates in those breeds in the absence of PMSG treatment and that treatment with PMSG yielded ovulation rates well in excess of uterine capacity.
